ABSTRACT: Bioprinting, a computer-aided printing, is an emerging field in tissue engineering. The ability to print biological models from scanned medical images allows customizability in printed construct. Identifying input printing factors that affects dimensions of printed biological construct is important as it enables control over geometry of structure. Biocompatible hydrogel is used in bioprinting to incorporate cells into printing process. In this experiment, a time-pressure dispensing system is used. This article investigatesdifferent factors such as pressure of system, nozzle inner diameter, moving speed, and viscoelastic material that define the dimensions of printed construct. It is identified printed hydrogel achieves finer resolution at higher concentration, faster moving speed, smaller nozzle inner diameter and lower pressure.
INTRODUCTION
Tissue engineering aims to provide engineering solutions to medical problems. Three elements are present in the field of tissue engineering i) cells ii) biomaterials iii) bioactive factors. Of which, biomaterials provide the structural support for cells to grow and proliferate. Different fabrication methods have been explored to shape biomaterials into support structures for cells. Conventionally, biomaterials are formed through solvent casting, solution casting, electrospinning, etc. A major limitation to these fabrication methods is the inability to control geometry of the printed construct. These structures lack uniform pore size and pore distribution (Ferris, Gilmore, Wallace, & Panhuis, 2013) . Thus, in recent years, computer-assisted system has been used to construct defined solid scaffolds for cells to reside in.
Additive Manufacturing uses computer-assisted system to print three dimensional physical models layer-by-layer from digital data. AM system allows control over geometry of construct and has been adapted to tissue engineering. With AM technology, solid scaffold has been printed using fused deposition modeling (Tellis et al., 2008) , selective laser sintering (Williams et al., 2005) , selective laser melting (Fukuda et al., 2011) , and stereolithography (Melchels, Feijen, & Grijpma, 2009) . Printed solid scaffolds are followed by cell seeding except for metal scaffolds that are directly implanted into patients. One of the challenges to cell seeding is the non-uniformity is cell distribution within the construct. Therefore, an alternative is to incorporate cells into printing system. Several printing methods have been explored to include cells during printing. Cell printing processes can be broadly classified into three categories namely i) extrusion ii) inkjet iii) laserbased techniques (Ozbolat & Yu, 2013) . While both inkjet and laser-based printing has reported printing with precision dispensing close to single-cell resolution(Abeyewickreme, Kwok, McEwan, & Jayasinghe, 2009; Guillotin et al., 2010) , extrusion-based printing hasthe ability to
